One of the reactions leading to breakdown of the conjugated chain in the polyene sequences formed in polyvinyl chloride (PVC) during its degradation is considered to be crosslinking of the macrochains. It is assumed that, in the absence of active additives, which can activate the crosslinking of macrochains by a radical mechanism, this reaction proceeds by a Diels-Alders mechanism [1] [2] [3] . This conclusion is based on the following experimental data.
• in the presence of active dienophiles (maleic anhydride, maleic acid esters, metal maleates) reacting with polyene blocks by a Diels-Alder reaction, the time of the start of gelation in the degraded PVC increases [1] ;
• when the crosslinked polymer is treated with maleic anhydride, breakdown of the gel occurs through diene "recondensation" of the polyenes with the stronger dienophile [2] ; this also indicates that macrochain crosslinking in PVC is a reversible reaction;
• the similarity of the kinetic parameters of the crosslinking of PVC macromolecules during thermal degradation in vacuum (E act = 50 ± 8 kJ/mol, lg A = 6.3 ± 0.5 [3] ) to the values known for the Diels-Alders reaction (E act = 40-80 kJ/mol, lg A = 5-7 [4] );
• the modification of PVC with conjugated dienes leads to an increase in the time of the start of gelation during thermal degradation by comparison with the unmodified polymer owing to competition between crosslinking and interaction of the conjugated dienes with polyenes [5] .
In [3, 6] it is assumed that polyene sequences (ketopolyenes) of structure ~C(O)-(-CH=CH-) n~ take part in crosslinking, and here each block of conjugated C=C bonds takes part both as a diene and as a dienophile in accordance with the scheme In the present work, direct experimental proof is obtained that macrochain crosslinking during the thermal degradation of PVC proceeds with the participation of blocks of conjugated bonds formed by the activation of carbonylallyl groups (CAGs). The experiment essentially consists in the following. If the crosslinking of PVC macromolecules occurs with the participation of polyene sequences, the formation of which is initiated by CAGs, then, as the gel fraction builds up, the sol fraction should become depleted of polyene sequences of the form C(O)-(-CH=CH-) n~. The number of such ketopolyenes γ 0 is easily determined by the method of hydrolytic breakdown from the change in the intrinsic viscosity of the sol fraction after alkaline hydrolysis of PVC and subsequent calculation by means of the formula [7] .
where η 0 and η are the intrinsic viscosity before and after
breakdown of the macrochains, and M v 0 is the initial viscosity-average molecular weight.
In fact, experimental data ( Figure 1 ) indicate that, with increase in the degradation time, there is a gradual fall in the content of ketopolyenes in the sol fraction. Consequently, it can be asserted that polyene sequences, the formation of which is initiated by CAGs, take a direct part in the crosslinking of macrochains.
However, the crosslinking only of ketopolyene sequences between themselves cannot ensure the experimentally observed gel yield with degradation times significantly longer than the time of the start of gelation τ [6, 8] , since the proportion of PVC macromolecules containing CAGs is small (8-10 mol.%). Therefore it is assumed that, at late stages of degradation, diene recondensation with the polyene blocks arising as a result of β-chlorallyl activation is possible [3] . When PVC degrades in the presence of active HCl acceptor barium stearate, the secondary reaction of possible readdition of HCl to the polyene sequences is suppressed [9] . The most probable secondary reactions under these conditions are the reactions of macrochain crosslinking [1] [2] [3] [4] [5] and cyclisation of polyenes [10] . In [6] it was found that the time of the start of gelation depends on the CAG content (Figure 2, v) , the degradation of PVC in this work being conducted under conditions of continuous removal of the liberated HCl from the reaction zone by freezing out.
The buildup of crosslinks in [6] was described by the equation
where k cr is the rate constant of crosslinking of the macrochains, which is calculated by means of the formula
.5 is the number of base moles of PVC, and τ is the induction period before the start of gel buildup.
In the present work a broader investigation was made of the dependence τ(γ 0 ): the conditions of the experiment were changed -freezing out was replaced with the introduction of the effective HCl acceptor barium stearate [3] ; PVC specimens with a broader range of CAG content were used.
In order to obtain an equation best describing the dependence τ(γ 0 ), it is necessary experimentally to investigate this dependence in a wide range of γ 0 values. Meanwhile, the values of γ 0 for normal industrial and laboratory PVC specimens lie in a narrow range of 0.8-1.4 x 10 -4 mol/mol PVC, and therefore specimens with a small CAG content were specially produced in the present work by the chemical modification of PVC with maleic anhydride (MA) [11] . The reaction leads to irreversible reduction in the CAG content in the PVC and, accordingly, to slowing down of the dehydrochlorination rate as a result of reduction in the number of polyene sequences formed. The characteristics of the modified polymer are given in Table 1 . With a low CAG content in the polymer, the error in calculating γ 0 from viscometric data in accordance with equation (1) is great, and therefore in some cases the values of γ 0 mod of modified PVC specimens were calculated by means of the formula
where the overall dehydrochlorination rate V HCl was determined experimentally (Table 1) Carrying out the reaction in the presence of barium stearate inhibits more fully the readdition of HCl to polyenes, as indicated by reduction in the time of the start of gelation by comparison with the previous case (Figure 2, •) .
In general form, the dependence τ(γ 0 ) can be presented in the form
where n is the order of the reaction of macrochain crosslinking with respect to blocks of conjugated bonds. By processing the logarithmic anamorphosis of expression (4) by the least-squares method, n = 1.26 ± 0.17 was obtained with a correlation coefficient of 0.979 and a confidence level of 95%.
Thus, the order of the reaction with respect to ketopolyenes is close to unity, and therefore it is more likely that macrochain crosslinking during the thermal degradation of PVC is due mainly not to the interaction of polyene blocks with each other, as supposed earlier [6] , but to the interaction of polyenes with other unsaturated groups in the PVC macrochains. Such groups can be both unsaturated end groups, the content of which in PVC amounts to about 10 -3 mol/mol PVC [2] , and internal bchlorallyl groups formed during the thermal degradation of PVC with the statistical elimination of HCl from normal units of the macrochain and trichloride groups.
The PVC was modified as described in [11] . The PVC was degraded at 448 K in sealed ampoules evacuated to a residual pressure of 10 -2 Pa. The HCl liberated was absorbed by the acceptor barium stearate and was determined quantitatively by mercurometer. The gel fraction in specimens of degraded PVC was removed by successive washing and centrifuging of the polymer with fresh portions of cyclohexanone in the same ampoules in which degradation had been carried out. To remove the unreacted part of the BaSt 2 , the residue was washed 3 times with decyl alcohol at 373 K. The gel produced was washed 3 times with ether to remove the solvent residues and dried to constant weight at 348 K. The error in determining the amount of gel G did not exceed 100%. The time of the start of gelation was determined by linear extrapolation of the dependence G(t) until intersection with the abscissa axis. The alkaline hydrolysis of PVC specimens and the measurement of the intrinsic viscosity in order to determine the content of carbonylallyl groups were carried out according to [7] . The sol fraction of the degraded PVC was produced by centrifuging for 1 h at 5000 rpm. 
